In birds, the preen gland produces a waxy secretion that protects the plumage from environmental conditions and ectoparasites and is, therefore, important for feather maintenance, individual quality, and health. Several studies have demonstrated that the size of the preen gland and the composition of its secretion change throughout the course of reproduction, thus indicating an increased requirement for preen gland secretion during the breeding season. However, the exact timing of the gland's size increase is unknown. To get information about this temporal pattern, we repeatedly measured the preen glands in 22 breeding pairs of adult domesticated Zebra Finches (Taeniopygia guttata) during the course of reproduction (prior to the breeding season, on the day the first egg was laid, on the day the first chick hatched, on the day the first chick fledged, and after the chicks became independent). Zebra Finches have biparental care, in which both sexes are involved in incubation and food provisioning. As expected, our data reveal that the preen gland increases in size during the breeding season and decreases afterward. Moreover, we found sexspecific differences in the temporal pattern of gland enlargement. Females reached a maximum gland size when the first chick hatched, whereas male gland size peaked earlier, when the first egg was laid. Keywords: avian olfaction, breeding, microbial defense, preen gland, reproductive season, uropygial gland, Zebra Finch Diferencias dependientes del sexo en el tamaño de la glá ndula uropigial de Taeniopygia guttata en el transcurso del período reproductivo RESUMEN La glándula uropigial produce una secreción sebácea que protege el plumaje de las condiciones ambientales y de los ectoparásitos y es por lo tanto importante para el mantenimiento de las plumas, la calidad de los individuos y su salud. Varios estudios han demostrado que el tamaño de la glándula uropigial y la propia composición de la secreción cambian a lo largo del transcurso de la reproducción e indican un mayor requerimiento de la secreción de la glándula uropigial durante la estación reproductiva. Sin embargo, aún se desconoce el momento exacto del aumento de tamaño de la glándula uropigial. Para obtener información sobre el patrón temporal del aumento de tamaño de la glándula uropigial, medimos en forma repetida la glándula uropigial en 44 adultos domesticados de Taeniopygia guttata, durante el transcurso de la reproducción (antes de la estación reproductiva, una vez que pusieron su primer huevo, el día que el primer polluelo eclosionó, el día que el primer polluelo emplumó y luego de que los polluelos se volvieran independientes). Los individuos de T. guttata presentan cuidado bi-parental, donde ambos sexos están involucrados en la incubación y en el aprovisionamiento del alimento. Como era de esperar, nuestros datos revelan que la glándula uropigial aumenta de tamaño durante la estación reproductiva y disminuye de nuevo al final. Más aún, encontramos diferencias dependientes del sexo en el patrón temporal de aumento del tamaño de la glándula. Las hembras alcanzaron un tamaño máximo de la glándula cuando eclosionó el primer polluelo, mientras que la glándula del macho alcanzó su mayor tamaño más temprano, cuando se puso el primer huevo.
INTRODUCTION
The uropygial gland, or preen gland, is a holocrine gland unique to birds. It is the main secretory gland of the bird's skin and is located on the dorsal side of the tail. While preening, birds squeeze the sebaceous secretion from the gland and transfer it across the entire body (Jacob and Ziswiler 1982) . The preen gland itself and the function of its secretion have been of scientific interest for centuries (reviewed in Elder 1954 , Moreno-Rueda 2017 . The preen gland is under hormonal regulation (Maiti and Ghosh 1972, Whittaker et al. 2011) , and the production of its secretion is thought to be costly (Reneerkens et al. 2007 , Piault et al. 2008 , Moreno-Rueda 2010 . The secretion serves as a water repellent (Elder 1954 , Jacob and Ziswiler 1982 , Montalti and Salibián 2000 , Giraudeau et al. 2010 ), helps to maintain feather integrity by keeping feathers flexible (Jacob and Ziswiler 1982) , reduces featherdegrading bacteria (Shawkey et al. 2003 , Møller et al. 2009 , Fülöp et al. 2016 ; but see Czirják et al. 2013 , and is therefore assumed to be essential for good plumage condition (Elder 1954 , Moyer et al. 2003 , Giraudeau et al. 2010 ). In addition, accumulating evidence suggests that the preen gland secretion is also involved in intraspecific communication, either as a chemosignal-for example, by signaling group and individual identity and quality (Whittaker et al. 2010 , Amo et al. 2012b ), genetic variability, or genetic compatibility (Amo et al. 2012b , 2017 , Slade et al. 2016 )-or as a cosmetic or ''makeup'' that enhances the visual appearance of an individual (Piersma et al. 1999 , López-Rull et al. 2010 , Moreno-Rueda 2016 ; but see Reneerkens and Korsten 2004) .
Apart from these general properties of the preen gland secretion, several studies have shown changes in the size of the gland (Martín-Vivaldi et al. 2009 , Pap et al. 2010 , Amo et al. 2012a , Vincze et al. 2013 , as well as in the chemical composition of the secretion (Kolattukudy et al. 1987 , Reneerkens et al. 2002 , between the breeding and nonbreeding seasons. Given that larger preen glands produce more secretion (Martín-Vivaldi et al. 2009 , Møller et al. 2009 , Pap et al. 2010 , Jacob et al. 2014 , an increase in gland size likely reflects an increased necessity for gland secretion during the breeding season.
During breeding, birds spend most of their time on the nest, an environment vulnerable to predation and susceptible to microbial growth. Thus, an increased necessity for preen gland secretion probably reflects an adaptation to protect the bird itself and/or its offspring from nest predation (Reneerkens et al. 2002 (Reneerkens et al. , 2005 , microbes (Møller et al. 2009 , Soler et al. 2012 , Jacob et al. 2014 ), other parasites (Moyer et al. 2003 , Moreno-Rueda 2010 , and/or vectors of potential parasites (Magallanes et al. 2016) . These possible adaptations are not necessarily mutually exclusive.
Although several studies have found an enlargement of the gland in the breeding season (Martín-Vivaldi et al. 2009 , Pap et al. 2010 , Amo et al. 2012a , Vincze et al. 2013 , detailed monitoring of preen gland size during the course of reproduction has not yet been undertaken. To further investigate the pattern of preen gland size changes during breeding, we monitored gland size in a laboratory population of domesticated Zebra Finches (Taeniopygia guttata). First, we evaluated a novel, photography-based method to measure preen gland size and compared the results to those of the existing measurement techniques. Second, by sampling 411 adult, nonbreeding Zebra Finches, we investigated whether age, body mass, and sex had an effect on preen gland size in nonbreeding birds. Third, to investigate the temporal pattern of gland enlargement, we repeatedly measured the size of the preen gland in 22 pairs of Zebra Finches during the course of reproduction: prior to breeding; on the day the first egg was laid; on the day the first chick hatched; and both 10 days (nestling period) and 35 days (nutritional independence) after the first chick hatched. With this procedure, we were able to follow changes in gland size in more detail and relate them to different stages of the breeding cycle, while keeping environmental effects such as day length, food abundance, and temperature constant. Independent of the function, we predicted a change in the preen gland size of Zebra Finches during the course of breeding ( Figure  1A) , with an increase in size during incubation. Given the results of a study in Hoopoes (Upupa epops; Martín-Vivaldi et al. 2009), we expected a maximum gland size around hatching, after which the parents' gland size should decrease again; when the young become independent, it should be similar to the prelaying size.
METHODS

Study Species
We used a laboratory population of domesticated Zebra Finches located in the Department of Animal Behaviour, Bielefeld University, Germany (Forstmeier et al. 2007 ). The birds were kept either in cages (observation 1: nonbreeding condition; observation 2: breeding pairs) or in single-sex or mixed-sex aviaries (observation 1). Zebra Finches are Australian songbirds that live in dense colonies and are highly social. During breeding, males collect the nesting material and both sexes build the nest (Zann 1996) . Zebra Finches are biparental. Both parents share incubation during the day, whereas females predominantly incubate during the night (Zann 1996) . Furthermore, only females produce a brood patch (Zann 1996) . Incubation starts after clutch completion and lasts~14 days. After hatching, both parents care equally for the chicks, which fledge at~19 days of age and are nutritionally independent at~35 days of age (Zann 1996) .
Gland Measurements
In the first part of the study, we aimed to find a reliable way to measure the size of the preen gland. Therefore, we compared 2 methods. First, we measured the size of the gland using a digital caliper (60.01 mm). The measurement of width 3 length 3 height is commonly used as a proxy for gland size and secretion volume (Galván and Sanz 2006, Pap et al. 2010 ). In our study, length was considered to be the maximal extent embracing the lobes ( Figure 2C ). Width was defined by the maximal distance of both lobes ( Figure 2C ). Based on our own experience, we decided not to measure the height of the gland because this measurement was not reproducible (i.e. the variance of measurements was extremely high). This might be due to the small size of our birds (average body mass ¼ 13.18 g; see below). Thus, we calculated the size as the area of the gland (by calculating 0.5 3 length 3 width, because the shape of the gland resembles a triangle).
Second, we took standardized pictures of the gland and calculated its size with a computer program (see detailed description below). To do this, the bird was placed headdown into a truncated cone (frustum) with its beak facing a small hole at the apex, where air can pass through ( Figure  2A ). The cone is made in a way that the abdomen of the bird and the base of the cone are on the same plane. By gently pushing down the tail feathers, the preen gland appears through the plumage. The cone was placed with the apex (and beak) down and a picture of the gland was taken from a fixed distance using a camera (Sony Cybershot DSC-WX220) on a tripod. In order to scale the image, a piece of square-millimeter graph paper was laid directly on the skin surrounding the gland ( Figure 2B ).
Preen gland pictures were analyzed using GIMP 2.8.14 (GNU Image Manipulation Program; https://www.gimp. org/). The surroundings of the gland were cut out. All pictures were analyzed by a MATLAB R215a routine, which displays the total gland size corresponding to the total amount of non-black pixels.
Using the same procedure, we also analyzed one square millimeter of the paper used for scaling, which was present in each photo. Therefore, a pair of pictures (i.e. one of the gland and one of the graph paper) was generated from the original photo, such that we were able to standardize the size of the gland (mm 2 ) by dividing the number of pixels in the image of the gland by the number of pixels in the respective square millimeter on the paper.
To compare the 2 methods, we measured the preen glands of 55 birds (30 males and 25 females) in both ways. Furthermore, we calculated the repeatability of our measurement method by taking 3 measurements from a subset of 5 Zebra Finches (3 males and 2 females). Pictures were taken in a randomized order, and we waited 30 min between each round of measurements. We calculated the repeatability according to Lessells and Boag (1987) and Nakagawa and Schielzeth (2010) , using the mean squares as derived from the analysis of variance. Our gland size Table 3 ). 
Observation 1: Predictors of Preen Gland Size
To identify whether age, sex, and/or body mass had an effect on preen gland size in Zebra Finches, we measured the preen gland size of 411 individuals (173 females and 238 males); 105 of these individuals were kept pairwise in cages, while the the other 306 were captured from mixedsex or single-sex aviaries. None of the birds was breeding while the measurements were taken. All birds were kept under a 14:10 hr light:dark cycle and were fed with the same food (Elles Exotenfutter, L. Stroetmann Saat, Münster, Germany) ad libitum, plus germinated seeds twice a week and vitamin mix (Brockmanns Zwergmarke, Gelamin, Wildeshausen, Germany) once a week. All birds were sexually mature at the time of measuring (Zann 1996) . After each picture was taken, the bird was weighed (Kern balances EMB 600-2; 60.01 g) and its age and sex were recorded. The exact age was known for 308 birds; the other 103 were of unknown age and thus were excluded from the age analysis. All measurements were performed by the same experimenter, who was blind to bird identity while analyzing the pictures.
Observation 2: Preen Gland Size during Breeding
We randomly assigned 42 males to 42 females, ensuring that the resulting pairs were unrelated (i.e. did not consist of siblings, parent-offspring, or cousins). Pairs were housed in 2 compartment cages (80 3 30 3 40 cm 3 ) with access to food and water ad libitum. Germinated seeds, vitamins, and egg food (CéDé egg food for exotic birds, Evergem, Belgium) were provided 3 times wk À1 at first and on a daily basis as soon as the chicks hatched. Each cage had a nest box (17 3 14 3 14 cm 3 ) attached, and coconut fiber was provided as nest material. Nests were checked daily to assess the start of nest building, the start of egg laying, the completion of the clutch (i.e. when no new egg was laid), and the total number of eggs. Nest checks and all preen gland measurements were conducted in the morning, between 0900 and 1200 hours.
Of the 42 pairs, 22 raised their offspring successfully until fledging and were therefore included in the analysis. The other breeding pairs failed during nest building (no nest was built or no eggs were laid; n ¼ 12), egg laying and incubation (no chick hatched; n ¼ 5), or rearing (chicks died before reaching independence; n ¼ 3 pairs). In one of the successful pairs, the female died before the offspring became independent; because there was only one missing measurement for this female, the pair was still included in the following analysis.
The 22 successful pairs were measured during the course of reproduction. Given that body mass is known to change over the breeding period-and in line with our results from observation 1, where we found that body mass is correlated with gland size-we weighed each individual before measuring the preen gland to control for body mass. The preen gland size and body mass were measured 5 times during the course of reproduction. The time points were defined as follows ( Figure 1B ):
1. ''Start'': Prebreeding period, 2 wk after the pairs were established in their breeding cages. After this baseline (Zann 1996) .
As a control for changes in environmental conditions, we additionally analyzed those pairs (n ¼ 9) that did not start breeding (e.g., did not start nest building). In those pairs, we took pictures of the preen gland repeatedly over a period of 2 mo. In accordance with the experimental group, we measured these pairs 4 times (n ¼ 4) or 5 times (n ¼ 5) each, every 14 days. At the end of the study, all breeding pairs and their offspring were kept in our stock.
Statistical Analysis
All statistical analyses were carried out in R 3.1.2 (R Core Team 2014) using the package ''nlme'' (Pinheiro et al. 2016) . Values are means 6 SD unless stated otherwise. To evaluate our new method for measuring preen gland size, we calculated the Pearson correlation between the 2 alternative approaches. We used a linear model to determine whether body mass, age, or sex-or any of their 2-way interactions-had an effect on preen gland size.
To test our hypotheses of a change in preen gland size over the course of reproduction, we used a linear mixedeffect model. Because body mass was significantly correlated with gland size, we corrected for body mass by using the quotient of gland size over body mass. For each time point, we measured both gland size and body mass. The resulting quotient was the dependent variable of the linear mixed-effect model. We included the different time points measured (e.g., breeding stage as factor: before breeding, time of egg laying, hatching of first chick, day 10 and day 35 of the first chick) and the sex of the individual (e.g., sex as factor: male or female) as predictor variables. We also included the interaction of breeding stage and sex. We added ''subject ID'' as a random effect to control for the nonindependence of repeated measurements of the same individual. Subject ID was nested in ''cage'' to control for the potential nonindependence of the 2 birds sitting in the same cage; cage (random effect) turned out to have no effect on the results (model comparison, L-ratio ¼ 0.0048, df ¼ 1, P ¼ 0.95) and was therefore excluded from the model.
The resulting minimal adequate model was validated by visual inspection of the residuals. To test for the significance of interactions, we used a likelihood ratio test for model comparisons, keeping all but the interaction term constant. We found a significant breeding stage * sex interaction. In this situation with a significant interaction, it is not appropriate to interpret the main effects (Engqvist 2005) because, for example, the values for sex will depend on those for breeding stage. We followed the recommendations of Engqvist (2005) and performed an analogous analysis for each sex separately, using the same model formula as in the previous model, because we were mainly interested in the response to the covariate breeding stage. We used the same statistics for the control group and tested for an interaction of sex and time point.
RESULTS
Evaluation of Different Methods to Measure Gland Size
We compared size measurements of 55 birds (30 males and 25 females) made by hand with a caliper to those obtained from our photo-based, computer-aided analysis. The results of the 2 sampling methods showed significant correlation (r ¼ 0.61, 95% confidence interval: 0.41-0.75, df ¼ 53, P , 0.001; see Appendix Figure 3 ). Because the computer-aided analysis is less influenced by the experience of the experimenter in measuring preen gland size, all the following results are based on pictures of the preen gland.
Observation 1: Predictors of Preen Gland Size
We measured the preen gland size of 411 randomly chosen, nonbreeding birds from our laboratory stock. The mean preen gland size was 12.95 6 2.28 mm 2 , and the average body mass of all birds included in the study was 13.18 6 1.25 g. The birds' ages ranged from 100 days to 2,123 days.
Body mass had a significant influence on preen gland size, with heavier individuals having a larger preen gland (linear model: F ¼ 55.06, P , 0.01; Table 1 ). Neither age (F ¼ 0.5, P ¼ 0.5; Table 1) nor sex (F ¼ 0.24, P ¼ 0.62; Table 1 ) nor any of the interactions (see Table 1 ) was a good predictor of preen gland size.
Observation 2: Preen Gland Size during Breeding
During breeding, the preen gland was enlarged in both males and females. We found a significant sex * breeding Figure 1C , and Appendix Table 4 ). We found a significant increase in preen gland size in males on the day the first egg was laid (Table 3 ). This enlargement was present until day 10 ( Figure 1C) . Afterward, the preen gland decreased in size and no significant difference was found in preen gland size at day 35 compared to ''start. '' In contrast to the pattern found in males, we found an increase in preen gland size in females no earlier than the day the first chick hatched (Table 3) . Similar to the pattern in the males, the female preen gland decreased in size between day 10 and day 35 and no significant difference was found in preen gland size at day 35 compared to ''start'' ( Figure 1C ). For both males and females, the preen gland was largest around the day when the chicks hatched ( Figure 1C ; for detailed information, see Supplemental Material).
For the nonbreeding birds, the gland size did not change over the 2 mo period. The sex * time point interaction was nonsignificant (F ¼ 0.97, df ¼ 4, P ¼ 0.43; Table 2 ). After removing the interaction term from the model, none of the main effects was significant.
DISCUSSION
Several studies have shown that the preen gland is enlarged during breeding (Martín-Vivaldi et al. 2009 , Pap et al. 2010 , Amo et al. 2012a , Vincze et al. 2013 , indicating a greater necessity for preen gland secretion during the course of reproduction. Prior to the present study, however, detailed monitoring of preen gland size has not been undertaken and, therefore, detailed knowledge of the timing of preen gland enlargement during the course of reproduction has been lacking. Our results provide a detailed description of the temporal pattern of preen gland size in captive, domesticated Zebra Finches during the course of reproduction.
In line with the results of previous studies (Martín-Vivaldi et al. 2009 , Pap et al. 2010 , Amo et al. 2012a , Vincze et al. 2013 , we found an increase in preen gland size during the course of breeding in both males and females. Preen gland size reached a maximum around the time of chick hatching and remained enlarged during chick rearing. Once the chicks had become independent of the parents (''day 35''), gland size decreased to a level comparable to the value before the onset of the breeding season (see Figure 1C) . We found no pattern in nonbreeding birds under the same environmental conditions (e.g., food, density, and light conditions), which suggests that the pattern of preen gland enlargement is related to breeding. Besides the general pattern of a size increase, we also found sex-specific differences in preen gland size (see Table 2 ). Gland size increased earlier in males than in females; in the latter, the most pronounced difference was at the time of first egg laying (see Figure 1C and Appendix Table 4 ).
Several hypotheses, not mutually exclusive, might explain an increase in gland size during reproduction. First, during breeding, there might be an increased necessity for protection against microbes or parasites, given that the nest is an ideal environment for bacterial growth due to the accumulation of heat, humidity, and feces. To fight against potentially harmful microbes such as feather-degrading bacteria, adult birds might use more preen gland secretion during the breeding season (i.e. when being exposed to the microbes in the nest). Indeed, several studies have found an antibacterial effect of preen gland secretion (Shawkey et al. 2003 , Møller et al. 2009 , Fülöp et al. 2016 ; but see , and bacterial density is higher inside nests than in the plumage of adults (Jacob et al. 2014) . Thus, an enlargement of the preen gland might reflect the necessity for self-protection against the increased microbial abundance in the nest. In addition to the need for selfprotection, eggs and hatchlings might also suffer from increased microbial densities, which can reduce egg viability and hatching success (Cook et al. 2003 (Cook et al. , 2005 . Moreover, a study on Blue Tits (Cyanistes caeruleus) found that microbe densities are higher on nestlings than on adults (Mennerat et al. 2009) , and an artificially reduced nest microbial load has a positive effect on nestling growth (Jacob et al. 2015) . Thus, eggs and nestlings also benefit from protection against microbes. Whether preen gland secretion is actively used to protect eggs and/or chicks is highly debated. Support for an active transfer of preen gland secretion on eggs comes from Hoopoes, in which females are known to directly transfer their preen gland secretions onto their eggs (Martín-Vivaldi et al. 2009 ), but, as far as we know, this behavior has never been observed in another species. However, preen gland secretion might also be indirectly transferred from the parents' feathers to eggs and/or chicks during incubation, given that preen gland size is positively related to eggshell bacterial load (Soler et al. 2012 ) and hatching success (Møller et al. 2010 ; but see Galván 2011) . Indirect support also comes from a comparative study of 132 bird species, in which gland size was found to be positively correlated with eggshell surface (Vincze et al. 2013) . Moreover, in a recent study, we showed that female Zebra Finches are able to discriminate their own eggs from conspecific eggs by smell, but only shortly before the chicks hatch (Golüke et al. 2016) . This difference in smell might be due to differences in preen gland secretion, indirectly transferred by the incubating parents. However, whether Zebra Finches use preen gland secretion to protect themselves or their offspring against harmful microbes, and whether they actively transfer the secretion onto eggs or chicks, is currently a matter of speculation and needs further testing. Our finding that the peak preen gland size is attained around the time of chick hatching and that the preen gland remains enlarged during the early nestling phase of the chicks might, however, indicate that parents use preen gland secretions particularly to protect the chicks while the latter do not have a functioning preen gland of their own (S. Golüke and B. A. Caspers personal observation) .
Second, increased preen gland size in parents during breeding might indicate a use of the secretion to protect themselves and/or their offspring against nest predation (Reneerkens et al. 2005 , Soini et al. 2007 . It has been shown in a variety of shorebirds that the composition of preen gland secretion changes toward less volatile diesters during the breeding season (Kolattukudy et al. 1987 , Reneerkens et al. 2002 , 2005 , thus decreasing detectability by olfactory-hunting nest predators (Reneerkens et al. 2005 ). Although we cannot rule out this possibility, we consider it rather unlikely because we found that females changed their preen gland size later than males. If an increase in preen gland size is correlated with a need to camouflage the nest, we would expect such an increase to be earlier in females, which mainly incubate at night (Zann 1996) , when predation risk by olfactory-hunting predators is assumed to be highest.
Third, an increase in preen gland size during breeding, and particularly the earlier onset of that increase in males, might be related to an increased use of body odors for olfactory communication during breeding. Although often overlooked, odors play an important role in avian social communication and mate attraction (Hagelin and Jones 2007 , Campagna et al. 2012 , Caro et al. 2015 . For example, male Crested Auklets (Aethia cristatella) are known to secrete a citrus-like plumage odor prior to the mating season to attract females (Hagelin 2007) . The preen gland is widely assumed to be the important source of avian body odor (Campagna et al. 2012 , Caro et al. 2015 . Female Budgerigars (Melopsittacus undulates) prefer male preen gland secretions over those of females (Zhang et al. 2010) , and in Dark-eyed Juncos (Junco hyemalis) male preen gland compounds are correlated with reproductive success . Furthermore, female Mallards (Anas platyrhynchos) produce pheromone-like substances only shortly before breeding (Kolattukudy et al. 1987) . Given that Zebra Finches are particularly known for their use of odors in social communication (Krause et al. 2012 , Caspers et al. 2013 , mate choice (Caspers et al. 2015) , and parent-offspring recognition (S. Golüke and B. A. Caspers personal observation) , an increase in preen gland size might indeed be due to an increased use of secretion for social communication during breeding.
The general pattern of preen gland enlargement during breeding can potentially be explained by all 3 hypotheses, and further experiments are needed to rule out one over another. Independent of the function of preen gland enlargement, androgens are known to regulate the preen gland (Maiti and Ghosh 1972) and the composition of its secretion (Whittaker et al. 2011) . In male as well as female Dark-eyed Juncos, the relative concentration of volatile compounds increased early in the breeding season, at a time when testosterone was highest (Whittaker et al. 2011 ).
Although we found a general enlargement of the preen gland during the breeding season, male and female Zebra Finches differed significantly in the temporal pattern of that enlargement. Males tended to increase the size of the gland (i.e. need more preen gland secretion) earlier than females. The most pronounced difference was at the time the first egg was laid, when males had larger glands than females (see Figure 1C and Appendix Table 4 ). Studies on sex-specific differences in preen gland size in other species found similar results (Pap et al. 2010 , Amo et al. 2012b , Vincze et al. 2013 , Jacob et al. 2014 ). In the House Sparrow, both males and females increase their gland size in late spring and summer (Pap et al. 2010) . Like the Zebra Finch, the House Sparrow is biparental, and the sexes share incubation, although only the female develops a brood patch. During breeding, female House Sparrows have larger glands than males (Pap et al. 2010) . In contrast to our study, Pap et al. (2010) recorded their data every month for an entire year, whereas we collected data repeatedly over the breeding season, thereby giving a more detailed overview of preen gland size during reproductive events. Therefore, the 2 studies differ in scale and are hard to compare. In contrast to sex-specific differences in gland size in House Sparrows, in the biparental Spotless Starling (Sturnus unicolor) both sexes have enlarged glands during breeding, but no sex-specific differences were found (Amo et al. 2012a ). However, Amo et al. (2012a) compared the preen gland size at 2 time points, between the mating and the breeding season; thus, sex-specific differences in the early incubation period could be hidden under the general pattern of a size increase. Furthermore, a study in Great Tits (Parus major) revealed that on day 10 posthatching, females have larger glands than males (Jacob et al. 2014) . Our results are in accordance with that study; when their chicks were 10 days old, female Zebra Finches had larger glands than males ( Figure 1C) .
These studies raise the question of whether sex-specific changes in gland size may depend on the parents' relative contributions to incubation. If preen gland secretion is used to preen the eggs, in uniparental species the incubating sex should enlarge its preen gland because it is in contact with the eggs and the nest material during incubation. By contrast, both sexes should enlarge their preen glands in biparental species. Nevertheless, a multispecies comparison revealed that gland size is not explained by incubation share (Vincze et al. 2013 ). However, that study was based on free-living birds and corpses, and therefore repeated measurements of the same birds during different stages of the breeding cycle were not possible. To investigate a potential link between incubation share and preen gland enlargement, it would thus be necessary to compare the glands of males and females in species with different breeding ecologies by repeatedly measuring the size of the gland over the course of the breeding cycle.
In conclusion, we found that captive, domesticated Zebra Finches enlarged their preen glands during the course of reproduction. Males began to enlarge their glands before females, around the time the first egg was laid. The maximum gland size was reached in both parents when the chicks hatched. This preen gland enlargement may be necessary for self-protection and/or to protect chicks against harmful microbes or olfactory-hunting predators, or it may reflect the requirement for gland secretions in chemical communication.
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